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FOREWORD 

This  volume has been prepared f o r  t he  Funct iona l  I n t e g r a t i o n  Sec t ion ,  
Systems I n t e g r a t i o n  and Operations Branch, Vehicle Systems Divis ion ,  Propul- 
s i o n  and Vehicle Engineer ing Laboratory,  by Engineering Communications 
Department, Chrys le r  Corporat ion Space Div is ion ,  under c o n t r a c t  number 
NAS8-4016. 

The fol lowing series, of which t h i s  volume is  a p a r t ,  f u n c t i o n a l l y  de- 
s c r i b e s  the  mechanical and electromechanical  systems of Sa tu rn  I,  SA-7 space 
v e h i c l e  and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume IV.  
Volume v. 
Volume V I .  
Volume V I I .  
Volume V I I I .  
Volume IX.  
Volume x. 
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage  F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environmental Control  System 
Launch Pad Accessories  
H - 1  Engine and Hydraulic System 
RLlOA-3 Engine and Hydraulic System 
Separa t ion  and F l i g h t  Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume conta ins  mechanical schematics and a l i s t  of  app l i cab le  f ind ing  
numbers . 

Volume I X  desc r ibes  those components t h a t  are active dur ing  countdown, 
launch,  and f l i g h t .  
management and admin i s t r a t ive  personnel. 
January 1, 1964 has been included. 

It i s  intended fo r  use by NASA and prime con t r ac to r  
Only information a v a i l a b l e  by 
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S i x  RL10A-3 rocke t  engines ,  producing 90,000 pounds t o t a l  t h r u s t ,  power 
t h e  Sa turn  I, Block 11, S - I V  Stage. A s i n g l e  pressur ized  LOX con ta ine r  and a 
s i n g l e  pressur ized  LH2 conta iner  s t o r e  and supply propel lan t  t o  a l l  engines .  
The engines a r e  mounted t o  the  S - I V  Stage t h r u s t  s t r u c t u r e  i n  a c i r c u l a r  con- 
f i g u r a t i o n ,  each a t  an outward angle of 6 degrees from t h e  veh ic l e  l ong i tud i -  
n a l  a x i s .  Each engine may be  gimbaled +!I degrees i n  p i t c h  and yaw f o r  veh ic l e  
a t t i t u d e  and r o l l  con t ro l .  Should one engine f a i l  during S-IV powered f l i g h t ,  
t he  remaining operable  engines w i l l  provide s u f f i c i e n t  t h r u s t  and maintain 
v e h i c l e  t r a j e c t o r y .  

Figure 1 rep resen t s  propel lan t  flow through the  bas i c  engine components-- 
a t h r u s t  chamber and a turbopump t h a t  c o n s i s t s  of a two-stage l i q u i d  hydrogen 
pump, a LOX pump, a gearbox, and a gas turb ine .  The RLlOA-3 f e a t u r e s  a re- 
generat ively-cooled t h r u s t  chamber and a turbopump-fed p rope l l an t  system. 
flowing through the  t h r u s t  chamber tubes cools  t he  t h r u s t  chamber wa l l s ,  ab- 
sorbs  h e a t ,  vapor izes ,  and dr ives  the  turbopump by means of t he  gas turb ine .  

LH2 

Normal engine operat ion cons i s t s  of LH2 p r e s t a r t ,  LOX p r e s t a r t ,  s t a r t ,  
mainstage,  and shutdown. 
the two f u e l  pump s t ages  and discharges overboard through the  i n t e r s t a g e  and 
downstream fuel-pump cooldown valves.  During LOX p r e s t a r t ,  LOX flows through 
and cools  t he  LOX pump and continues downstream through t h e  LOX flaw c o n t r o l  
valve bypass t o  the  combustion chamber. The LH2 and LOX pumps must reach the  
prescr ibed  temperature by the  end of t h e  LH2 and LOX cooldown periods t o  pre- 
vent  pump c a v i t a t i o n  during engine s tar t .  The LOX flow c o n t r o l  valve and LOX 
i n j e c t o r  must a l s o  be cooled t o  t h e  prescr ibed  temperature t o  prevent GOX 
buildup dur ing  engine start .  When LOX and LH2 p r e s t a r t  t e rmina tes ,  i g n i t i o n  
occurs ,  combustion chamber temperature r i s e s ,  t he  turbopump a c c e l e r a t e s ,  and 
engine t h r u s t  bu i ld s  up. During mainstage,  the  t h r u s t  c o n t r o l  valve allows 
GH2 t o  bypass the  tu rb ine  i n  proport ion t o  t h r u s t  chamber pressure .  The pro- 
p e l l a n t  u t i l i z a t i o n  plug i n  t h e  LOX flow c o n t r o l  valve c o n t r o l s  t he  LOX-LH2 
mixture r a t i o  by varying the LOX flow t o  the  t h r u s t  chamber. The c o n t r o l  
p o s i t i o n e r ,  mounted on the  LOX f l o w  c o n t r o l  va lve ,  pos i t i ons  the  plug i n  ac- 
cordance wi th  e l e c t r i c a l  s igna l s  from the  S-IV Stage propel lan t  u t i l i z a t i o n  
system, thus providing nea r ly  simultaneous LH2 and LOX dep le t ion  a t  S-IV en- 
g i n e  shutdown. The engines  shut  down when an e l e c t r i c a l  s i g n a l  from the  en- 
gine-out  pressure  switches c loses  the  s t a r t  and p r e s t a r t  solenoid valves .  

During LH2 p r e s t a r t ,  LH2 flows through and cools  

Figure 2, page 21, represents  one of t he  engines and should be used, i n  
conjunct ion  wi th  the  t e x t ,  t o  follow the  var ious  flow rou te s  of engine 
opera t ion .  
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1.1. Fuel  I n j e c t o r  Purge 

This  purge prevents contamination of the  f u e l  i n j e c t o r  and t h r u s t  cham- 
ber  p r i o r  t o  vehic le  launch. When the  c o n t r o l  pressure  spheres  (descr ibed i n  
Volume V)  a r e  pressur ized  t o  1500 p s i g ,  t he  purge begins .  On launch day, 
when f i l l  p ressure  increases  t o  3000 ps ig ,  t h e  purge flow rate  inc reases .  
Helium flows from Valve Panel A (descr ibed  i n  Volume V) through Coupling Half 
E200 ,  Check Valves E282 and E44,  and O r i f i c e  E37 t o  a r i n g  l i n e  t h a t  d i s t r i b -  
u t e s  t he  Helium t o  each engine f u e l  i n j e c t o r .  Helium flows through O r i f i c e  
E334 ,  Check Valve E332 ,  and the  f u e l  i n j e c t o r ;  i n t o  the combustion chamber; 
and out  Thrust  Chamber E52  nozzle  on each engine.  Check Valve E332  prevents  
GH2 from backing up i n t o  the purge l i n e  dur ing  engine opera t ion .  The purge 
te rmina tes  a t  l i f t o f f  when the  S-IV umbi l ica l  housing d isconnec ts .  

1 .2 .  LH2 P r e s t a r t  

A s i g n a l  from t h e  guidance computer opens Fuel  P r e s t a r t  Solenoid Valve 
E36 ,  a l lowing H e l i u m  c o n t r o l  pressure  t o  open Fuel  I n l e t  Shutoff  Valve E l .  
(Pressure  Switch E337 sends a te lemet ry  s i g n a l  t o  GSE i n d i c a t i n g  t h a t  Valve 
E36 i s  open.) Fuel flows through Fuel  Pump F i r s t  Stage E 2 ,  a f t e r  which a 
po r t ion  b leeds  of f  through I n t e r s t a g e  Cooldown Valve E3  i n t o  the  hydrogen 
vent  manifold.  The remainder of t he  cooldown flow cont inues  through Fuel  
Pump Second Stage  E 4  and discharges i n t o  the  hydrogen vent  manifold through 
Downstream Cooldown Valve E 5 .  

1.3. LOX P r e s t a r t  

The guidance computer s i g n a l s  f o r  LOX Prestar t  Solenoid Valve E45 t o  
open, a l lowing 455-psig Helium c o n t r o l  pressure  t o  open LOX I n l e t  Shutoff  
Valve E21. ( P r e s s u r e  Switch E 3 3 1  sends a te lemet ry  s i g n a l  t o  GSE i n d i c a t i n g  
the  open p o s i t i o n  of Valve E45 . )  LOX pressure  a t  the pump i n l e t  opens I g n i t e r  
GOX Supply Valve E24 through a sens ing  l i n e .  LOX flows through LOX Pump E22 
i n t o  LOX Flow Control Valve E23. A por t ion  of t h e  LOX flows through the  f ixed  
bleed passages i n  the i n l e t  poppet of LOX Flow Cont ro l  Valve E23 ;  t h e  res t  of 
t h e  LOX bypasses the poppet and flows through the cooldown flow r e g u l a t o r  of 
Valve E23 ,  which maintains cons tan t  LOX flow dur ing  LOX p r e s t a r t .  Both por- 
t i o n s  of cooldown flow pass through the  flow c o n t r o l  o u t l e t  of Valve E23  i n t o  
t h e  LOX i n j e c t o r  feed l i n e ,  A por t ion  of t h e  LOX goes through t h e  I g n i t e r  
GOX Supply Valve E 2 4  t o  t he  annular  passage around the Spark I g n i t e r  E53  
c e n t e r  e l e c t r o d e .  The main flow passes  through t h e  LOX i n j e c t o r  manifold,  
through the  i n j e c t o r  nozz les ,  and i n t o  the t h r u s t  chamber. GN2 from the  
LOX-SOX Vaporizat ion System (descr ibed i n  Volume V) on t h e  S - I  Stage ensures  
t h a t  t he  LOX flowing from the  t h r u s t  chamber w i l l  completely vapor ize  before  
s t a g e  sepa ra t ion .  

1.4. S t a r t  

Upon te rmina t ion  of chil ldown, a s t a r t  s i g n a l  from the  guidance computer 
i n i t i a t e s  t h e  s t a r t  sequence. S t a r t  Solenoid Valve E38  opens t o  a l low 455- 
ps ig  Helium con t ro l  pressure  t o  move f u e l  pump I n t e r s t a g e  Cooldown Valve E3  
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and Downstream Cooldown Valve E5 t o  t h e i r  p a r t i a l l y  c losed  (bleed)  p o s i t i o n s .  
(Pressure  Switch E339 sends a te lemetry s i g n a l  t o  GSE i n d i c a t i n g  t h a t  Valve 
E38 i s  open.) Control  pressure  opens Main Fuel  Shutoff  Valve E9 t o  a l low 
f u e l  f low through O r i f i c e  E43, which i s o l a t e s  the  f u e l  pump from pressure  
surges .  

Fuel  flows through Thrus t  Chamber E52 down-tubes and up-tubes,  Ventur i  
E6, Turbine Rotor E 7 ,  and Main F u e l  Shutoff  Valve E9. GH2 then flows i n t o  the  
combustion chamber and the  annulus around Spark I g n i t e r  E53. The f u e l  f lowing 
around the  annulus and the  LOX flowing from t h e  GOX i g n i t e r  supply l i n e  form 
a combustible mixture t h a t  t he  i g n i t e r  c e n t e r  e l e c t r o d e  i g n i t e s .  Flame propa- 
g a t e s  ac ross  t h e  combustion chamber, i g n i t i n g  LOX and f u e l  flowing from t h e  in-  
j e c t o r  nozzles .  

Heat i s  t r a n s f e r r e d  through the  combustion-chamber inner  w a l l  and adds 
energy t o  the  f u e l  flowing i n  the t h r u s t  chamber tubes .  The r e s u l t a n t  h igh  
pressure  GH2 r a p i d l y  a c c e l e r a t e s  t he  tu rb ine .  

A s  t u rb ine  speed inc reases ,  LOX pump and f u e l  pump discharge pressures  
inc rease  , causing the  fol lowing valve ac t ions :  

a .  LOX Flow Cont ro l  Valve E23 opens t o  the f u l l y  open pos i t i on .  
(Poppet s t o p  has  been p r e s e t  f o r  d e s i r e d  LOX flow.) 

b. I g n i t e r  GOX Supply Valve E 2 4  c loses .  

c. I n t e r s t a g e  Cooldown Valve E3 c l o s e s  completely when the  f u e l  
pump f i r s t  s t a g e  discharge pressure  reaches 150 psig.  

d. Downstream Cooldown Valve E5 c l o s e s  completely when t h e  f u e l  
pump second s t a g e  discharge pressure  reaches 330 psig.  

1.5. Mainstage 

During t h e  470 seconds t h a t  the  engines  opera te  a t  f u l l  t h r u s t ,  Helium a t  
455 p s i g  from Regulator  E206 pressur izes  Gearbox E54 through O r i f i c e  E329. 
R e l i e f  Valve E51 maintains  18 t o  25 ps ig  GN2 gearbox pressure .  GH2 b led  from 
t h e  f u e l  i n j e c t o r  i n l e t  l i n e  through Valve E39 provides f u e l  conta iner  pres -  
s u r e .  D i f f e r e n t i a l  p ressure  between the  i n j e c t o r  i n l e t  pressure-sensing l i n e  
and the gearbox pressure-sensing l i n e  acts  on Valve E39 t o  maintain t h e  proper 
flow r a t e  t o  t h e  con ta ine r  (descr ibed i n  Volume 111). 

Under i d e a l  s t a g e  operat ing cond i t ions ,  t he  engines  would consume LOX 
and LH2 a t  ra tes  t h a t  would cause simultaneous LOX and LH2 deple t ion .  
i n  a c t u a l  ope ra t ion ,  v a r i a t i o n s  i n  s t age  tank pressures  and i n  LH2 and LOX 
flow make continuous measurement of s t a g e  d e p l e t i o n  ra tes  and adjustment of 
LOX flow necessary  t o  ensure simultaneous dep le t ion .  LOX and LH2 l i q u i d  l e v e l  
s enso r s  i n  the  S-IV con ta ine r s  provide l e v e l  i npu t  s i g n a l s  t o  the  p rope l l an t  
u t i l i z a t i o n  system, which cont ro ls  the  p o s i t i o n  of t he  p rope l l an t  u t i l i z a t i o n  
p lug  i n  LOX Flow Control  Valve E23. I f  LOX consumption l ags  p ropor t iona l  f u e l  
consumption f o r  example, t he  propel lan t  u t i l i z a t i o n  system s i g n a l s  t h e  c o n t r o l  

However, 
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p o s i t i o n e r ,  which opens the  propel lan t  u t i l i z a t i o n  plug i n  propor t ion  t o  the  
LOX consumption lag and increases  LOX flow. 
maintains  t h e  LOX-to-LH2 mixture r a t i o  wi th in  a range of 4.5 t o  5 . 5 : l .  

The p rope l l an t  u t i l i z a t i o n  system 

Thrus t  Control Valve E 8 ,  mounted on the  turbopump housing,  c o n t r o l s  en- 
g ine  t h r u s t  by r egu la t ing  t h e  amount of GH2 t h a t  bypasses Turbine Rotor E 7 .  
The bypass va lve  in Thrus t  Control  Valve E 8  c o n t r o l s  t u r b i n e  power, which 
e s t a b l i s h e s  t o t a l  LH2 flow, chamber p re s su re ,  and t h r u s t .  I n t e r n a l  valve-  
body pressure  escapes through a l i n e  connecting the  va lve  t o  the  H2 vent  duc t .  
Because Ventur i  E 6  r e s t r i c t s  flow before  and during mainstage ope ra t ion ,  s e rvo  
pressure  t h a t  bleeds of f  upstream of Ventur i  E 6  and i s  appl ied  t o  Thrus t  Con- 
t r o l  Valve E 8  does no t  f l u c t u a t e  wi th  downstream pressure .  

1 .6 .  Shutdown 

A f u e l  l e v e l  probe arms the  a l l - eng ine -cu to f f  r e l a y  a t  i g n i t i o n  +450 
seconds. When main LOX d ischarge  l i n e  pressure  drops t o  247 ps ig ,  Pressure  
Switches E55 and E56 deac tua te ,  t ak ing  power o f f  S t a r t  and Pres ta r t  Valves 
E 3 6 ,  E 3 8 ,  and E 4 5  on a l l  s i x  engines .  Helium ven t s  from all valve  a c t u a t o r s ,  
causing the  following valve ac t ions :  

a .  Fuel and LOX I n l e t  Shutoff  Valves E l  and E 2 1  c l o s e ,  s h u t t i n g  
o f f  LH2 and LOX flow i n t o  the  pumps. 

b. In t e r s t age  and Downstream Cooldown Valves E 3  and E5 open r a p i d l y ,  
vent ing GH2 from t h e  f u e l  pump, t h r u s t  chamber j a c k e t ,  t u r b i n e ,  
e t c .  

c .  Main Fuel  Shutoff  Valve E9 c l o s e s ;  GH2 downstream of the  main 
f u e l  shu to f f  va lve  vents  through t h e  f u e l  i n j e c t o r .  

The normally closed,  main flow poppet i n  LOX Flow Cont ro l  Valve E 2 3  c l o s e s  as 
LOX pump d ischarge  pressure  decreases .  
LOX i n l e t  shu to f f  valve vent  through the  cooldown b leed  r e g u l a t o r  i n  the  LOX 
flow c o n t r o l  va lve ,  through the  LOX i n j e c t o r ,  and out i n t o  the  combustion 
chamber. 

LOX and LOX vapor downstrem of the  

2. RLlOA-3 HYDRAULIC SYSTEM 

The s i x  engine gimbaling hydrau l i c  systems, one on each  of the  R L l O A - 3  
engines ,  are the  means of veh ic l e  a t t i t u d e  and r o l l  c o n t r o l .  Each independent,  
c losed  loop system c o n s i s t s  of: 

a .  Two i d e n t i c a l  s e rvoac tua to r s ,  each of which con ta ins  a servo-  
valve and a n  a c t u a t o r  p i s t o n  rod assembly. 
d i v e r t s  t he  hydrau l i c  f l u i d  t o  e i t h e r  s i d e  of t h e  a c t u a t o r  p i s -  
t o n ,  causing t h e  a c t u a t o r  rod t o  ex tend  o r  re t rac t ,  thus  gimbal- 
ing  the engine.  

The servovalve 
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b. A hydraulic reservoir assembly, which stores law pressure (61 
psig) hydraulic fluid. 

c. A hydraulic accumulator-reservoir assembly, which contains a 
high pressure accumulator cylinder assembly and a low pressure 
fluid reservoir assembly. 
pressurizes the hydraulic fluid within the cylinder to supply 
fluid to the servoactuators for engine prepositioning before 
S-IV ignition. This piston establishes system low pressure (61 
psig) by pressurizing the fluid acting upon the piston in the 
low pressure fluid reservoir assembly. 

The high pressure accumulator piston 

d. A main pump, which supplies 2950 psig hydraulic fluid to the 
system during flight. 

e. A motor-driven auxiliary pump which supplies 2950 psig hydraulic 
fluid to the system during prelaunch hydraulic system operation. 

f. A main pump manifold and an auxiliary pump manifold, which pro- 
vide mounts for the pumps and which provide high and low pres- 
sure passages for monitoring devices, filters, bleed valves, and 
check valves. 

Figure 3, page 23, represents one of the six identical hydraulic systems 
and should be used, in conjunction with the text, to follow the various flow 
routes of hydraulic system operation. 

2.1. Fill 

Prior to the hydraulic fluid fill operation, a portable GN2 hand truck 
fills the GN2 portion of Accumulator-Cylinder Assembly E109 with a 2100-psig 
GN2 precharge through a hose assembly and High Pressure Nipple E70. 

After this precharge has been completed, an electrical signal actuates 
the closing solenoid of Sequence Valve E76. 
flows from a hydraulic servicer through High Pressure Coupling Half E63, Check 
Valve E347, and Filter E67. 

High-pressure hydraulic fluid 

Fill flow from the filter follows two major routes from a cross in 
Hydraulic-Accumulator-Reservoir Assembly (HARA) E338. One path leads through 
Check Valve E78, which cracks at a lower pressure than Check Valve E77, to 
Accumulator-Cylinder Assembly E109. 
accumulator piston to compress the 2100-psig GN2 precharge to approximately 
3000 psig. High pressure fluid then flows to port A of closed Sequence Valve 
E76. The other path leads to Check Valve E77 and port B of closed Sequence 
Valve E76. 

The high pressure fluid forces the 

Fluid also flows to Servoactuator Assembly Ell0 through the high- 
pressure line between HARA E338 and Hydraulic Reservoir Assembly (HRA) E354 
and to Servoactuator Assembly E341 from the same HARA manifold passage. 
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High-pressure hydraul ic  f l u i d  f i l l s  a l l  open passages and c a v i t i e s  w i t h i n  
t h e  hydrau l i c  system. High Pressure  Re l i e f  Valve E 8 9  provides overpressur iza-  
t i o n  r e l i e f  by allowing flow i n t o  Low Pressure  Reservoir-Manifold E 1 0 8  and 
Reservoir  E 3 5 4 .  
f o r  trapped a i r  and o u t l e t s  where f luid-contaminat ion samples can be taken.  

Bleed Valves E 8 0 ,  E 8 1 ,  E 8 4 ,  E 8 7 ,  and E 8 8  provide escape rou te s  

Low-pressure r e t u r n  f l u i d  from Servoactuator  Assemblies E l l O  and E 3 4 1  
f i l l s  HRA E 3 5 4  and Low Pressure  Reservoir-Manifold E 1 0 8 .  
Reservoir E 1 0 8  e s t a b l i s h e s  r e t u r n  pressure  a t  6 1  ps ig  by means of a 49:1  
d i f f e r e n c e  between t h e  p i s t o n  su r face  areas i n  Reservoir  E 1 0 8  and Accumulator 
E 1 0 9 .  Low pressure ,  Balanced Relief Valves E 6 8  and E 6 6 ,  which crack a t  110 
ps ig ,  prevent ove rp res su r i za t ion  of Reservoir  E 1 0 8 .  A s  long as t h e  d i f f e r e n -  
t i a l  pressure  between t h e  i n l e t  and o u t l e t  of Valve E 6 8  remains g r e a t e r  than 
10 ps ig ,  f l u i d  w i l l  flow through the  valves  a t  .02 gpm. Since both Valve E 6 6  
and E 6 8  poppets vent t o  atmosphere, t h e  fo rces  which he lp  the  poppet sp r ings  
hold the  valves  c losed a re  balanced.  Low-pressure r e t u r n  f l u i d  flows back t o  
t h e  hydraul ic  s e r v i c e r  through Coupling Half E 6 4 .  

The p i s ton  i n  

When c losed ,  manually-operated P r e f i l t r a t i o n  Valve E 1 1 2  permits f l u sh ing  
of the  system without exposing Servo Valve E 7 4  components t o  contaminated 
f l u i d  by connecting the  Servoactuator  high-pressure passage t o  the  low-pres- 
su re  passage. Manually-operated Cylinder-Bypass Valve E 9 0  connects p o r t s  A 
and D of Servo Valve E 7 4 ,  thus  a l lowing manual ac tua to r - rod  movement when 
necessary.  

2 . 2 .  Prelaunch 

Motor-Driven Auxil iary Pump E 9 6  supp l i e s  2 9 5 0  p s ig  hydraul ic  f l u i d  t o  the  
hydraul ic  system during prelaunch gimbaling and checkout. F lu id  flows from 
the  pump o u t l e t  through Check Valve E 9 3 ,  F i l t e r  E 9 4 ,  and Check Valve E 9 1  t o  
a tee connecting Main and Auxi l ia ry  Manifolds E 6 5  and E l l l  t o  HAM E 3 3 8 .  Check 
Valve E 6 2  prevents  high-pressure f l u i d  from e n t e r i n g  Main Pump E 6 1  o u t l e t  dur-  
ing  prelaunch operat ions ; thus  , t h e  high-pressure f l u i d  flows through F i l t e r  
E 6 7  i n  t he  HARA, through Check Valve E 7 7 ,  and i n t o  Servoac tua tors  E l l O  and 
E 3 4 1 .  (See 2 . 3  f o r  t h e  opera t ion  of Servo Valve E 7 4  and Servoac tua tors  E l l O  
and E 3 4 1 . )  Return f l u i d  a t  6 1  ps ig  flows through t h e  low-pressure l i n e  t h a t  
connects t he  HRA t o  Reservoir-Manifold Assembly E 1 0 8 .  Low-pressure f l u i d  
a l s o  flows t o  Main Pump Manifold E 6 5  through a law-pressure in t e rconnec t ing  
l i n e  and flows t o  Auxil iary Pump Manifold E l l l ,  through F i l t e r  E 9 2 ,  and i n t o  
Pump E 9 6  i n l e t .  Thermal Switch E 8 3 ,  loca ted  on HRA E 3 5 4 ,  shu t s  o f f  t h e  pump 
motor when hydraul ic  f l u i d  temperature  w i t h i n  HRA E 3 5 4  exceeds 175'F. 

When hydraul ic  system prelaunch opera t ions  are completed, t he  c l o s i n g  
so lenoid  s i g n a l  i s  removed from Sequence Valve E 7 6 .  
i n  Accumulator E 1 0 9  holds  the  va lve  c losed  dur ing  f l i g h t .  

The 2 9 5 0  p s ig  pressure  

2 . 3 .  F l i g h t  

An e l e c t r i c a l  s i g n a l  a c t u a t e s  t h e  opening so leno id  of Sequence Valve E 7 6  
0.85 second a f t e r  s epa ra t ion ,  a l lowing pressur ized  flow t o  Servo Valves E 7 4  
f o r  engine prepos i t ion ing  p r i o r  t o  i g n i t i o n .  
flows i n t o  po r t  A and out por t  B of open Sequence Valve E 7 6  t o  Servoac tua tors  

F lu id  from Accumulator E 1 0 9  

6 



E l l O  and E 3 4 1 .  Upon command, the servovalves  d i v e r t  p ressur ized  f l u i d  t o  
t h e  proper s i d e  of t h e  p i s tons  i n  Servoac tua tors  E l l O  and E 3 4 1 .  This  a c t i o n  
ex tends  or  r e t r a c t s  t he  ac tua tor  rods , pos i t i on ing  the engines  i n  accordance 
wi th  guidance computer s i g n a l s .  

A f t e r  engine s t a r t ,  2950 psig hydrau l i c  f l u i d  flow t o  Actuator  Assemblies 
E 6 9  and E 7 9  comes from Main Pump E 6 1 ,  through Check Valve E 6 2 ,  through Mani- 
f o l d  E 6 5 ,  through a high-pressure l i n e  t o  F i l t e r  E 6 7 ,  and through the  f i l t e r  
t o  t h e  c r o s s  i n  HAM E 3 3 8 .  (Main Pump E 6 1 ,  d r i v e n  by Gearbox E 5 4 ,  i s  mounted 
t o  Accessory Drive Pad E 3 3 3  on t h e  engine turbopump.) 
t h i s  c r o s s ,  excess  f l u i d  vents  i n t o  Reservoir  E 1 0 8  and HRA E 3 5 4  through High 
Pressure  R e l i e f  Valve E 8 9 .  From another  branch, f l u i d  p r e s s u r i z e s  Accumulator 
E 1 0 9  through Check Valve E 7 8 .  Accumulator E 1 0 9  dampens system p res su re  surges  
dur ing  f l i g h t  and, should system pressure  drop t o  between 1000 t o  2900 ps ig ,  
provides  a pa r t i a l ly - r edundan t ,  f l u i d  p re s su re  supply. 

From one branch i n  

The normal pa th  of h igh  pressure f l u i d  from F i l t e r  E 6 7  i s  through Check 
Valve E 7 7 ,  P r e f i l t r a t i o n  Valve E 1 1 2  i n  Servoac tua tor  Assemblies E 3 4 1  and E 1 1 0 ,  
F i l t e r  E 8 5 ,  p o r t  B of Servo Valve E 7 4 ,  and O r i f i c e s  E 3 4 8 .  From O r i f i c e s  E 3 4 8 ,  
f l u i d  flows through F i r s t  Stage Nozzles E 3 4 5 ,  causing a pressure  bui ldup on 
each end of Power Spool E 3 3 5 .  

When Torque Motor E 3 4 3  rece ives  an  e l ec t r i ca l  s i g n a l  from the guidance 
computer, Flapper  E 3 4 6  moves toward one of t h e  Nozzles E 3 4 5 :  t he  p o l a r i t y  
of the s i g n a l  determines t h e  d i r e c t i o n  of f l appe r  movement. Movement of the 
f l a p p e r  changes t h e  d i s t a n c e  between t h e  f l appe r  su r face  and Nozzles E 3 4 5 ,  
t hus  r e s t r i c t i n g  flow causing a d i f f e r e n t i a l  p ressure  between t h e  p i s t o n  ends 
of Spool E 3 3 5 .  The d i f f e r e n c e  i n  pressure  s l i d e s  the  spool ,  a l lowing high- 
p re s su re  f l u i d  t o  flow through p o r t s  A o r  D and extend o r  re t rac t  t h e  a c t u a t o r  
rod. 
exceeds 10 ps ig .  

R e l i e f  Valve E 7 5  opens when pressure  wi th in  the  a c t u a t o r  rod housing 

D i f f e r e n t i a l - P r e s s u r e  Feedback Unit  (DPF) E 3 4 2  dampens ga in  peaking under 
dynamic condi t ions .  (The DPF does not  func t ion  dur ing  s t a t i c  cond i t ions . )  
Because t h e  p re s su re  a t  each DPF p i s t o n  ou te r  end ( through Por t  A or  D) i s  
e q u a l  t o  the  pressure  i n  e i t h e r  a c t u a t o r  chamber, t he  DPF p i s t o n  w i l l  seek a 
new equ i l ib r ium p o s i t i o n ,  thus  caus ing  a d i f f e r e n t i a l  p ressure  ac ross  Nozzles 
E 3 4 4 .  F lu id  flow through one of t h e  Nozzles E 3 4 4  acts a g a i n s t  Flapper  E 3 4 6 ,  
t hus  providing a feedback force p ropor t iona l  t o  the  a c t u a t o r  force .  Low 
p res su re  f l u i d  r e t u r n i n g  from Servo Valve E 7 4  flows through por t  C and through 
P r e f i l t r a t i o n  Valve E 1 1 2  t o  HRA E 3 5 4 .  

2.4. Monitorinv Devices 

The fol lowing t ransducers ,  gages,  swi tches ,  and potent iometers  t ransmi t  
system cond i t ions  t o  GSE: 

a. Low pressure  Transducer E 3 3 6  ( r e t u r n  pressure  i n  Manifold E 6 5 )  

b. High pressure  Transducer E 3 4 9  (system pressure  i n  Manifold E 6 5 )  

7 



c. Temperature Transducer E340 (fluid temperature in the lm- 
pressure side of Manifold E65) 

d. Temperature Transducer E86 (fluid temperature in HRA E365) 

e. High pressure Transducer E82 (GN2 pressure in Accumulator- 
Cylinder Assembly E109) 

f. Pressure Gage and Switch Assembly E71 (GN2 pressure in Accumu- 
lator-Cylinder Assembly E109, during prelaunch operations only) 

g. Pressure Transducers E95 (differential pressures acting on 
Servoactuators Ell0 and E341) 

h. Piston-Position Potentiometer E73 (fluid level in Reservoir E108) 

i. Feedback Potentiometers E72 (piston position in Servoactuators 
E341 and E110) 
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KN-VM24, H I L L ,  L .  
LVO-DIR, WILLIAMS, M. 
LVO-AD, Z E I L E R ,  A. 
LVO-L, BELLAMY, E .  (5) 
R-ASTR-E, FICHTNER, H. 
R-ASTR-EA, SMITH, R.  (5) 
R-ASTR-EM, PASCHAL, L. 
R-ASTR-ES, ADEN, R.  (3) 
R-ASTR-ESI ,  MILNER, R.  
R-ASTR-I,  HOBERG, 0. 
R-ASTR- IM, POWELL , J. 
R-ASTR-TR, WAGNON , W. 
R-ME-A, NOWAK, M. 
R-P&VE-AV , NEIGHBORS, W. 

KN-VM22, DeLaROSA, H. 

R-P&VE/DAC, MEZO, c. 
R-P&VE-PA, REED, K. 
R-P&VE-PEM, HOLMES, J. ( 2 )  
R-P&VE-PM, F U " N ,  H. (2)  
R-P&VE-PP, HEUSINGER, B. 
R-P&VE-PT , WOOD, C 
R-P&VE-V , PALAORO , H. 
R-P&VE-VA, HOFFMAN, C. 
R-P&VE-VAS , MOON, 0. 
R-P&VE-VF, ROTHE, K. 
R-P&VE-VI, FAULKNER, W. (2)  
R-P&VE-VK, BOONE , C 
R-P&VE-VM, BECK, M. 
R-P&VE-VNW, DEVENISH, R.  (5) 
R-P&VE-VO, KISTLER , W. (20) 
R-P&VE-VS , SCHULZE , W. 
R-P&VE-VSA, PRASTHOFER , W 
R-P&VE-VSI, "RT, W e  (2)  
R-P&VE-VSI, KRAUS, G. (2) 
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DISTRIBUTION (C,ont'd. ) 

R-P&VE-VSP , AKINS , J. R-QUAL-PI,  CONAWAY, J. 
R-QUAL-A, URBANSKI, A .  ( 2 )  R-TEST-CF,  F O R B I S ,  M e  

R-QUAL-AAA, CALDWELL, W .  
R-QUAL-J ,  QUI", C .  
R-QUAL-P , BROOKS, C. 

R - T E S T - I ,  S I E B E R ,  W .  
R-TEST-S , DRISCOLL, D e  
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